The chemical composition of volatile compounds from pericarp oils of Indian sandalwood, Santalum album L., isolated by hydrodistillation and solvent extraction, were analyzed by GC and GC-MS. The pericarps yielded 2.6 and 5.0% volatile oil by hydrodistillation and n-hexane extraction, and they were colorless and yellow in color, respectively. A total of 66 volatile components were detected. The most prominent compounds were palmitic and oleic acids, representing about 40-70% of the total oil. Many fragrant constituents and biologically active components, such as α-and β-santalol, cedrol, esters, aldehydes, phytosterols, and squalene were present in the pericarp oils. This is the first report of the volatile composition of the pericarps of any Santalum species.
The essential oil from heartwood of S. album has been widely investigated [4] [5] [6] , and the chemical composition of seed oils has also been reported [7] [8] [9] . Sandalwood trees start to bear fruit within two years, but mature fruits occur all-year round [10] . A five-year old sandalwood tree can produce hundreds of fruits weighing 0.5-1.0 kg each, of which the pericarps account for about 70% of the fruit weight. According to ANPSA (http://anpsa.org.au/APOL31/ sep03-3.html), the fruits of most Santalum species are edible. For example, fruits of Australian S. acuminatum are listed as one of the 10 largest native food industries [11] . The fruit is eaten raw, but the main commercial use is for jams, jellies, chutneys and in pies. The fruits also have antioxidant capacity and contain hydrophilic components [12] . However, the chemical constituents of Indian sandalwood pericarps have not yet been characterized. Therefore, the aim of this study was to investigate the volatile compounds from S. album pericarps by hydrodistillation and solvent extraction for exploiting the potential value of this tissue resource.
A colorless essential oil of S. album pericarps was obtained by hydrodistillation in 2.6% yield. GC-MS analyses showed that this oil is a complex mixture of 31 identified constituents, representing about 99.5% of the total oil (Table 1) . Palmitic acid dominated, accounting for 70.4% of the oil. Many fragrant components (e.g., 5 esters and 8 aldehydes) were presented in the oil, accounting for 13.0 and 3.8% of the total oil, respectively. Four alkanes, 3 ketones, 2 heterocyclic compounds, 1 sesquiterpenoid, and 1 alcohol were also present, although their relative content was low (0.1-2%).
n-Hexane extraction of S. album pericarp powder yielded 5% yellow oil. GC-MS analysis showed the presence of 43 constituents, 38 of which were identified ( Table 1) . Fatty acids were the major class of compounds observed, representing 79.5% of the total oil. Palmitic and oleic acids characterized the n-hexane extractable oil, accounting for 38.8 and 40.3% of the total oil, respectively. In the oil, 5 esters (5.0% of total oil) and 7 aldehydes (1.2% of total oil) were detected, in concentrations ranging from 0.1 to 0.5%, except for three which were < 0.1%. Vitamin E was also present in the oil (2.5%). An important biologically active component squalene was found in the pericarp oil with a relative content of 1.7%. Four phytosterols, i.e. (3β)-cholest-5-en-3-ol, fucosterol, stigmasterol, and (3β)-9,19-cyclolanost-24-en-3-ol were found, accounting for 1.3, 1.0, 0.7, and 0.6% of the pericarp oil, respectively. Four sesquiterpenoids, santalol, cedrol, sesquiterpenoid 1, and sesquiterpenoid 2 were also detected in the S. album pericarp oil, although they were relatively minor components of the pericarp oil, ranging from 0.1 to 0.2%.
In total, 66 volatile compounds were detected in the pericarp oils, 60 of which were identified by matching their mass spectra and RIs with those of reference compounds from the Wiley and NIST library data [28, 29] . The compounds were divided into 11 chemical classes. Fatty acids, aldehydes, alkanes, esters, and ketones were relatively high (9, 12, 8, 7 and 6 compounds, respectively); and 5, 4, and 4 sesquiterpenoids, phytosterols, and alcohols, respectively were detected ( Table 1 ). The remaining chemical classes contained 2 heterocyclic compounds, 1 amide, and 1 triterpene. The important essential oil constituents and biologically active components, α-and β-santalol, cedrol, squalene, 1-triacontanol, and vitamin E were only present in n-hexane extracts.
The volatile compounds in S. album pericarps were investigated by GC and GC-MS analysis for the first time in this study. Literature data indicate that the oil obtained from seeds of S. album were rich in ximenynic acid, accounting for 79-82.8% of the seed oil [8, 13] . The oleic and palmitic acid contents of S. album seeds were low NPC Natural Product Communications 2012 Vol. 7 No. 1 93 -96 a : Order of elution; RI = retention index on HP-5 column, relative to C 7 -C 30 n-alkanes under the same operating conditions; A1: area by hydrodistillation; A2: area by n-hexane extraction; b : correct isomeric form not identified; ID = identification; N.I. = not identified; tr : trace < 0.1.
(12.3-18 and 0.8%, respectively), whereas the seeds of other species (S. acuminatum, S. spicatum, and S. murrayanum) were richer in oleic acid (43.8-58.7%) [9, 13, 14] . The chemical composition of Santalum seeds might vary depending on taxonomic origin.
The major santal oil components, α-and β-santalol, were detected in essential oils of sandalwood stem and roots [15] [16] [17] , usually accounting for 50-70% of the total oil [18] . In the present study, α-and β-santalol were detected in S. album pericarp oil following solvent extraction, although they were relatively minor components of the oil (0.08 and 0.06%, respectively). Chen and Lin reported that the content of sandalwood essential oil obtained by hydrodistillation was 0.7-fold higher than that by solvent extraction [19] . Recently, we demonstrated that the essential oil content from sandalwood isolated by solvent extraction was higher (unpublished). α-and β-Santalol were not found in the essential oil by hydrodistillation and might exist in trace amounts in the pericarp oil.
Squalene is a triterpene hydrocarbon present in high concentrations in shark liver and virgin olive oils. It is a remarkable bioactive substance, with antioxidant and antitumor properties [20] . Indeed, in vitro experimental evidence indicates that this compound is a chemopreventive agent against chemically-induced cancer [21, 22] and protects against oxidative DNA damage in MCF10A human mammary epithelial cells [23] . In the present study, squalene was detected in the pericarp oil of S. album for the first time. The compound was also found in leaf extracts of S. album [24] .
1-Furfuryl-pyrrole was detected in the pericarp oil obtained by hydrodistillation with a relative content of 0.23%. This compound is known to occur in the flavor of miscellaneous roasted foodstuffs, for example in coffee aroma [25] . It was also found in sandalwood oil from the stem [26] . Because of its powerful odor, it seems to play an important role in the whole fragrance of sandalwood oil [26] .
In conclusion, this is the first report of the chemical composition of pericarps of a Santalum species. In total 60 compounds are reported from the pericarp-derived volatile oil of S. album. Palmitic and oleic acids dominated the oil, but many fragrant constituents and biologically active components were also detected. Therefore, the fruits are edible, but the pericarp extract also has potential value to the medical, spice, pharmaceutical and cosmetic industries.
Experimental
Plant material: Fully ripe fruits of a 30-year-old S. album tree were collected in July 2009 from Mysore in southern India, placed in a well-ventilated area indoors at room temperature for 1 week, and then transported by air, in containers, on ice to China. The pericarps were separated manually from the fruits after washing them with distilled water, and then left to dry at room temperature. The pericarps were ground into a coarse powder using a laboratory plate-type grinder and preserved at 4°C.
